Some cyclic diolefins, 1-4, were epoxidized with hydrogen peroxide in the presence of an appropriate areneseleninic acid under homogeneous reaction system using t-BuOH as a solvent. The epoxidation of 1 with hydrogen peroxide catalyzed by benzeneseleninic acid occurred regioselectively, but not stereoselectively, to give monoepoxides, 5 and 5', together with a small amount of diol 6. However, 2 gave epoxide 7 having an exo-oxirane ring and an isomeric mixture of diol 8 formed by Wagner-Meerwein rearrangement.
Introduction
Previously. regioselective epoxidation of diolefins. 1-4, obtained by Diels-Alder reaction from butadiene and cyclopentadiene, was examined by hydrogen peroxide using SeO2, H2MoO4, or H2WO4 as a catalyst.1) The results indicated that the epoxides were produced regio-and stereoselectively together with considerable amounts of diols which were formed by concomitant hydrolysis. Grieco2) has recently reported epoxidation of olefins by H2O2 in the presence of a stoichiometric amount of benzeneseleninic acid (PhSeO2H). On the other hand, Sharpless3) and Reich4) have reported independently that epoxidation of allylic alcohols and olefins can be achieved with a small amount of areneseleninic acid generated in situ from diaryldiselenide. For these epoxidation reactions, 2-nitrobenzeneseleninic acid has been found to be an effective catalyst. 3) Thus, modification of catalytic activity by introduction of an appropriate substituent into the aromatic ring of PhSeO2H is expected to achieve epoxidation of certain olefins. We report here a modified reaction system, which reduces formation of diols during epoxidation as well as influences of areneseleninic acid substituents.
Experimental

Materials
A series of areneseleninic acids were prepared according to the method described by Sharpless and Rheinboldt5),6). All solvents and hydrogen peroxide (35% and 60% aqua) were of commercial grade. 4-Vinyl-1-cyclohexene (1) and 5-vinyl-2-norbornene (endo: exo=7:3) (2) used were commercial products.
Cis-3a,4,7, 7a-tetrahydroindene (3) was obtained by Cope rearrangement of 2 in dicyclopentadiene (4) was prepared by repeated fractionations of cyclopentadiene dimer.
Analyses
The melting and boiling points were uncorrected. The IR spectra were taken with a JASCO-A202 spectrometer using a NaCl plate and a KBr disk. The 13C NMR spectra were recorded with a JNM-PS-100 FT-NMR spectrometer, using (CR3)4Si (TMS) as an internal standard in CDCl3. Gas chromatography was performed with a Yanacopacked with 5% Silicone OV-7 on 60/80 mesh on Physical and spectroscopic data for several epoxides and diols are summarized in Table  1 .
Results and Discussion
The method developed by Sharpless for epoxidation of olefins and allylic alcohols has shown that dichloromethane (CH2Cl2) is an excellent solvent.3) On the other hand, we have reported that homogeneous reaction system using tert-butyl alcohol (tBuOH) as solvent is effective for the epoxidation of cyclic diolefins, 1-4, with H2O2 catalyzed by some oxy-metal compounds. 1) In order to choose a suitable reaction system, PhSeO2H catalyzed epoxidation of 1 with H2O2 Table 2 . The epoxidation of 4-vinyl-1-cyclohexene 1 with H2O2 catalyzed by PhSeO2H occurred regioselectively, but not stereoselectively, to give a mixture of stereoisomeric products, 5 and 5', as well as a small amount of diol 6. The isomeric ratio of 5 and 5' was about 1:1, while diol 6 was a single component. 13C NMR spectrum of diol 6 agreed with that of the compound taking stable configuration as shown in our previous paper.8)
5-Vinyl-2-norbornene (endo: exo=7:3) 2 was oxidized with H2O2 catalyzed by PhSeO2H to give epoxide 7 with an exo-oxirane ring and an isomeric mixture of diol 8 by the Wagner-Meerwein rearrangement. The configuration of 8 could not be ascertained. The endo-and exo-ratio of vinyl group of 7 was the same as that of the starting diolefin 2, but that of 8 was 3:7 because of the rearrangement of bicyclo[2.2.1]hept-2-ene skeleton9). Thus, 2 was epoxidized to 7 with high regio-and stereoselectivity, but a small portion of 7 was cleaved to diol 8 by subsequent hydrolysis of the oxirane ring. The epoxidation of cis-3a, 4, 7, 7a-tetrahydroindene 3 gave monoepoxides, 9, 10, and 10' (ca, 10:10' =1:1), as well as diepoxide 11 whose stereochemistry was uncertain. No cleaved products of oxirane rings of epoxides were detected in the oxidation of 3. The formation of diepoxide 11 in the oxidation showed somewhat different results from those obtained by SeO2-catalyzed reaction which formed indene and diol as by-products1), PhSeO2H appeared to be inactive to oxidative dehydrogenation based on the above observation.
The reaction products from endo-dicyclopentadiene 4 were monoepoxides, 12 and 13, and diepoxide 14 which was not obtained by SeO2-catalyzed oxidation, Configurations of 12, 13, and 14 were established in our earlier paper,10) The regioselectivity observed in the epoxidation of 4 by PhSeO2H catalyst, forming 13 in preference to 12, was different from that observed in the epoxidation with an organic peracid11) and molecular oxygen12) which led predominantly to 12.
PhSeO2H was found to be an effective epoxidation catalyst compared with catalysts of such oxymetal compounds as SeO2, H2MoO4, and H2WO4. Therefore, several areneseleninic acids, 15-21, were prepared to examine their activity and selectivity for epoxidation of olefins. From these results, it was found that areneseleninic acids having electron-withdrawing groups were compatible catalysts for epoxidation of olefins such as 4, which yielded stable epoxides, and it was also found that for epoxidation of olefins, which gave unstable epoxides, areneseleninic acids that introduced electron-donating groups, such as 18 and 19, were satisfactory catalysts.
Grieco2) and Reich4),13) have demonstrated that benzeneperoxyseleninic acid 22 (peracid a or related cyclic peroxo-isomer b) which is generated from PhSeO2H and H2O2 could be an practical, active species for epoxidation of olefins. Accordingly, it seems that substitution by an electronwithdrawing group resulted in lowering the electron density on the selenium atom and in bringing about the activation of peroxyseleninous acid. However, since the activated peroxyseleninous acid undergoes not only electrophilic attack toward the double bond but also oxirane ring attack, the formation of diols, which are unfavorable products, may occur.
In order to examine the influence of water, the oxidation of 1 with 35%-and 60%-H2O2 by 18 was carried out in the presence or in the absence of anhydrous MgSO4. The results are summarized in Table 4 .
The formation of diols was reduced by removal of the water in the reaction mixture. The water in the solution containing t-BuOH and aqueous H2O2 was removed with anhydrous MgSO4 prior to use (Runs 1 and 3) . However, in the reaction where anhydrous MgSO4 treatment was lacking gave substantial amounts of diols, especially at higher temperatures. 
